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RIDLUIURPWKHFRPSUHVVRULVLQFRQVLVWHQWZLWKWKHDPRXQWRIIXHOSRUWLRQLQFXUUHQWRSHUDWLRQPRGH5DNRSRXORV
*LDNRXPLV+RZHYHUDOWKRXJKHIIHFWVDUHNQRZQRSWLPLVDWLRQRIWUDQVLHQWF\FOHLVYHU\FRPSOLFDWHGWDVNVLQFH
WUDQVLHQWEHKDYLRXULVGLIILFXOWWRSUHGLFWDQGPHDVXUH$QLQGHSWKDQDO\VLVRIGLHVHOHQJLQHWUDQVLHQWRSHUDWLRQZDV
SHUIRUPHGE\WKH7RELDV1HVFKD1HVFKDHWDO7KHUHDQDQDO\VLVRIGLHVHO±HOHFWULFK\EULGYHKLFOHZDV
SHUIRUPHG ZLWK D JRDO WR LPSURYH FRPEXVWLRQ FKDPEHU DQG WXUERFKDUJHU UHVSRQVH GXULQJ WUDQVLHQW RSHUDWLRQV
7XUERFKDUJHULPSURYHPHQWSRVVLELOLWLHVZHUHDOVRDQDO\VHGE\1LNODV:LQNOHU:LQNOHU+RZHYHULQOLWHUDWXUH
LWLVPXFKPRUHFRPPRQWRILQGUHVHDUFKRIWUDQVLHQWRSHUDWLRQRIOLJKWYHKLFOH¶VFDUVIRUH[DPSOHHQJLQHV:KHUH
KHDY\GXW\PDULQH ORFRPRWLYHRURWKHUQRQURDGPDFKLQHU\HQJLQHVDUHDQDO\VHGRQO\ LQ VWHDG\ VWDWHRSHUDWLRQV
%ROOD.DWVDQRVDHW DO %HQDMHV$OWKRXJK WKH\DUH MXVW DVZHOO H[SRVHG WR WUDQVLHQWRSHUDWLRQ
VFHQDULRVDQGUHVXOWLQJORVVRISHUIRUPDQFH*XGDLW\WơD*XGDLW\WơE5DSDOLV/HEHGHYD/HEHGHYDV
HWDO
,Q WKLV UHVHDUFKDQDQDO\VLVRIGLIIHUHQWRSHUDWLRQDOSDUDPHWHUV LVGRQH WRDKHDY\GXW\QRQ URDGGLHVHOHQJLQH
&$7%+'5HVHDUFKLVEDVHGRQUHDORSHUDWLRQGDWDWKDWLVUHJLVWHUHGE\HQJLQHDXWRPDWLFFRQWUROXQLW
'LHVHOHQJLQHWUDQVLHQWRSHUDWLRQ
$FFRUGLQJWROLWHUDWXUHWKHUHDUHWZRPDLQWUDQVLHQWHYHQWLQGLHVHOHQJLQHRSHUDWLRQ±LQFUHDVHLQORDGDQGLQFUHDVH
LQHQJLQHVSHHG5DNRSRXORV*LDNRXPLV(DFKRIWKHVHRSHUDWLRQFDXVHGLIIHUHQWLQVWDELOLWLHV
x /RDGLQFUHDVHLVGHVFULEHGDVDVXGGHQLQFUHDVHRISRZHUFRQVXPHUWRUTXH7KLVIRUFHVDQHQJLQHVSHHGGURS
ZKLFKOHDGVHQJLQHJRYHUQRUVWRLQFUHDVHWKHIXHOOLQJ+RZHYHUHQJLQHIDLOVWRVXSSO\HQRXJKDLUWRWKHF\OLQGHU
$VDUHVXOWRIWKDWDLUIXHOUDWLRQPD\UHDFKORZHUWKDQVWRLFKLRPHWULFYDOXHV5DNRSRXORV*LDNRXPLV
x 6SHHG LQFUHDVH± WKH LQFUHDVHRIF\FOLFIXHOSRUWLRQE\FRPPDQGSUHVVRIDFFHOHUDWRURUFRQWUROOHUKDQGOH
'XULQJVXFKHYHQWWKHHIIHFWVRIWXUERFKDUJHUODJDUHFRQVLGHUHGOHVVKDUPIXOVLQFHERRVWSUHVVXUHEXLOGVXSDV
DUHVXOWRIUDSLGO\LQFUHDVHGIXHOSRUWLRQ5DNRSRXORV*LDNRXPLV
,QDGGLWLRQWRPHQWLRQHGWUDQVLHQWRSHUDWLRQVDGHFUHDVHLQIXHOLQJRUGHFHOHUDWLRQLVDOVRSRVVLEOHKRZHYHUVLQFH
WKHHIIHFWVRIGHFHOHUDWLRQDUHFRQVLGHUHGOHVVQRWLFHDEOHWKHUHDUHXVXDOO\OLWWOHGDWDRQGHFHOHUDWLRQHIIHFWVLQFRPPRQ
VFLHQWLILFOLWHUDWXUH
5HVHDUFKVXEMHFW
5HVHDUFKVXEMHFW LVDKHDY\GXW\&DWHUSLOODUGLHVHOHQJLQH&$7%+')LJ(QJLQHVSHFLILFDWLRQVDUH
JLYHQLQWKHWDEOH7KLVW\SHRIHQJLQHVDUHXVXDOO\RSHUDWLQJLQZLGHYDULHW\RIDSSOLFDWLRQVVXFKDVORFRPRWLYHV
PDULQH DQG ERWK DV SULPH PRYHUV DV ZHOO DV JHQHUDWRUV DQG HYHQ LQ VWDWLRQDU\ RSHUDWLRQ PRGHV DV SULPH RU
HPHUJHQF\ GLHVHO ± JHQHUDWRUV &$7(53,//$5 % ORFRPRWLYH HQJLQH VSHFLILFDWLRQV &DWHUSLOODU FRPSDQ\
ZHEVLWH$YHVFR$*&$7%+'&DWHUSLOODUFRPSDQ\ZHEVLWH&DWHUSLOODU0DULQH


)LJ&$7%+'WXUERFKDUJHGGLHVHOHQJLQH&$7(53,//$5%
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&$7%+'WXUERFKDUJHGGLHVHOHQJLQHSDUDPHWHUVDUHJLYHQLQWDEOH
7DEOH&$7%+'GLHVHOHQJLQHPDLQSDUDPHWHUV&$7(53,//$5%
3DUDPHWHU 9DOXH
0RGHO &$7%+'
3RZHUN: 
6SHHGPLQ± 
&LOLQGHUQXPEHU 
&LOLQGHUGLDPHWHUPP 
6WURNHPP 

&$7%+'HQJLQHLVHTXLSSHGZLWK(&8WKDWSHUIRUPVHQJLQHFRQWUROHQVXULQJRSWLPDOHQJLQHRSHUDWLRQDQG
LQ DGGLWLRQ WR WKDWPRQLWRUV DQG UHFRUGV HQJLQH HQHUJ\ SDUDPHWHUV &$7(53,//$5 %  %RVFK 
$XWKRUVKDYHGHYHORSHGPHWKRGRORJ\WRXVHGDWDIURPWKHVHLQGLFDWRUVWRSHUIRUPVWHDG\VWDWHDQGWUDQVLHQWRSHUDWLRQ
UHVHDUFK5DSDOLV/HEHGHYD7KHPHQWLRQHGPHWKRGRORJ\LVXVHGWRREWDLQGDWDIRUWKLVDQDO\VLVDVZHOO
7KHUHVHDUFKVXEMHFWRSHUDWHVLQWKH-6&³/LHWXYRV*HOHåLQNHOLDL´ORFRPRWLYHVWKDWRSHUDWHLQWKHVDPHUDLOURDG
WUDFNVGD\WRGD\$VDUHVXOWRIWKDWWKHLURSHUDWLRQDOF\FOHVWD\VUHODWLYHO\WKHVDPHDQGLVGHWHUPLQHGE\WKHZHLJKW
RIWKHWUDLQ7\SLFDORSHUDWLRQDOF\FOHLVGLVSOD\HGLQDILJXUH(QJLQHGDWDVKRZQLQILJXUHLVUHFRUGHGXVLQJHQJLQH
FRQWUROXQLW(&8UHFRUGLQJV\VWHPGDWD'DWDDQDO\VLVPHWKRGDQGDFTXLVLWLRQWHFKQRORJ\LVGHVFULEHGLQDXWKRUV
RWKHUSXEOLFDWLRQV/HEHGHYDVHWDO
)URPILJXUHLWLVREYLRXVWKDWDVLJQLILFDQWDPRXQWRIRSHUDWLRQDOWLPHLVVSHQWLQWUDQVLHQWRSHUDWLRQPRGHV,Q
IDFWXSWRRIWRWDORSHUDWLRQDOWLPH2SHUDWLRQLQWUDQVLHQWPRGHVLVOHVVHIILFLHQWEHFDXVHRISUHYLRXVO\GHVFULEHG
XQEDODQFHGDLU±IXHOUDWLR,QRUGHUWRUHGXFHWKHQHJDWLYHHIIHFWRIWUDQVLHQWRSHUDWLRQDQDO\VLVRIWUDQVLHQWRSHUDWLRQ
PRGHVRIFDW%+'LVGRQH ,QRUGHU WRSHUIRUPHQJLQH ORDGYDULDWLRQDQDO\VLV LQPe fnRUPe ft LVQR
ORQJHUVXIILFLHQW7KHUHIRUDQDQDO\VLVEDVHGRQWZRSDUDPHWHUVKDYHEHHQFKRVHQX fnt)LJ

 
 )LJ7\SLFDORSHUDWLRQDOF\FOHRI&$7%+' )LJ7XUERFKDUJHGGLHVHOHQJLQH&$7%+'W\SLFDORSHUDWLRQDO
 WXUERFKDUJHGGLHVHOHQJLQH F\FOHDQDO\VLVE\VSHHGSRZHUDQGWLPH
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5HVHDUFKUHVXOWV
)RUWKHDQDO\VLVVWHDG\VWDWHRSHUDWLRQVHOHFWLRQDOJRULWKP/HEHGHYDVHWDO5DSDOLV/HEHGHYDLVXVHG
LQ UHYHUVH 6R WKDW WUDQVLHQW RSHUDWLRQPRGHV DUH VHOHFWHG DQG H[WUDFWHG IURP WKH RSHUDWLRQ F\FOH 7KH WUDQVLHQW
RSHUDWLRQVFRQVLVWVPRVWO\RIDFFHOHUDWLRQDQGGHFHOHUDWLRQDVDUHVXOWRIWKHIDFWWKDWWUDQVLHQWRSHUDWLRQVDUHFDXVHG
E\WKHLQFUHDVHDQGGHFUHDVHRIIXHOSRUWLRQWRLQFUHDVHDQGGHFUHDVHVSHHGUDWKHUWKDQDVXGGHQLQFUHDVHLQORDG(DFK
RSHUDWLRQ ZDV FRPSDUHG ZLWK HQJLQH SDUDPHWHUV RSHUDWLQJ LQ VWHDG\VWDWH PRGH UHFRUGHG GXULQJ H[SHULPHQWDO
PHDVXUHPHQWVDQGUHDORSHUDWLRQGDWD$QDO\]HGGDWDVKRZVWKDWLQGLYLGXDOGHYLDWLRQVRIHQJLQHSDUDPHWHUVGXULQJ
WUDQVLHQWRSHUDWLRQUHDFKVLJQLILFDQWYDOXHVWKDWFDQHIIHFWHQJLQHRSHUDWLRQHIILFLHQF\DQGUHOLDELOLW\
$FFHOHUDWLRQ'XULQJDFFHOHUDWLRQ)LJWKHF\FOLFSRUWLRQRIIXHOLVSURJUHVVLYHO\DQGTXLFNO\LQFUHDVHGE\
WKHJRYHUQRUXSWRDOPRVWPD[LPXPIXHOLQJ)LJI7KHWXUERFKDUJHUFDQQRWLQVWDQWO\PDWFKWKHTXLFNLQFUHDVH
LQIXHOLQJZKLOHF\FOLFIXHOSRUWLRQLVEHORZQRUPDOVWHDG\VWDWHRSHUDWLRQYDOXHVXSWRUSPLQ)LJIWKH
WXUERFKDUJHULVFDSDEOHRIHQVXULQJVXIILFLHQWDPRXQWRIDLUZKHQHQJLQHDFFHOHUDWHVDERYHUSPDIWHUWK
VHFRQG ILJXUHD WKH IXHOSRUWLRQ ULVHVDERYHVWHDG\VWDWHRSHUDWLRQYDOXHVHQJLQHVSHHGDQGERRVWSUHVVXUH
VWDUWVWRODJEHKLQGIXHOLQJ%RRVWSUHVVXUHUHDFKHVRQO\DERXWaLQFRPSDULVRQWRQRUPDORSHUDWLRQ)LJH
ZKLOHIXHOSRUWLRQLVFORVHWRPD[LPXPYDOXHDWWKHVDPHHQJLQHVSHHG)LJI$WWKLVSRLQWWKHH[FHVVDLUUDWLR
ɲGURSVEHORZQRUPDORSHUDWLRQIURPDWWRDDWUSP7KHLQVXIILFLHQWERRVWSUHVVXUHDVZHOO
DVODJRIHQJLQHVSHHGLQFUHDVHKDYHDGUDVWLFHIIHFWRQIXHOHFRQRP\7KHVSHFLILFIXHOFRQVXPSWLRQEHLVKLJKHU
E\  DW  USP WR  DW  USP )LJ F ,Q DGGLWLRQ WR LPSDLUHG IXHO HFRQRP\ WKH ODFN RI DLU LQ
FRPEXVWLRQ SURFHVV GXULQJ WUDQVLHQW RSHUDWLRQV LV NQRZQ WR FDXVH LQFUHDVHG VRRW DQG VPRNH HPLVVLRQV
5DNRSRXORV*LDNRXPLV
'HFHOHUDWLRQ UHGXFWLRQRI F\FOLF IXHOSRUWLRQE\ WKHJRYHUQRU LVRIWHQFRQVLGHUHG OHVV LPSRUWDQW LQ OLWHUDWXUH
EHFDXVH LW GRHVQ¶W FDXVH QHJDWLYH HIIHFW RQ WKH HQJLQH'XULQJ GHFHOHUDWLRQ WKH F\FOLF IXHO SRUWLRQ LQ JUDGXDOO\
GHFUHDVHG)LJI'XULQJWKLVSURFHVVLQFRQWUDVWWRDFFHOHUDWLRQWKHWXUERFKDUJHUODJFDXVHVKLJKHUWKDQVWHDG\
VWDWHFKDUJHDLUSUHVVXUHYDOXHVHQVXULQJVXIILFLHQWH[FHVVDLUUDWLRYDOXHV)LJH$VDUHVXOWRIWKDWERWKWKHH[FHVV
DLUUDWLRDQGWKHVSHFLILFIXHOFRQVXPSWLRQYDOXHVDUHFORVHWRHTXDORIVWHDG\VWDWHRSHUDWLRQZLWKHIIHFWRQO\QRWLFHDEOH
GLIIHUHQFHLQORZVSHHGRSHUDWLRQQHDUPLQLPDOHQJLQHVSHHG)LJF±G

 
 
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
)LJ&$7%+'HQJLQHDFFHOHUDWLRQDQDO\VLV
  
 
  
)LJ&$7%+'HQJLQHDFFHOHUDWLRQDQDO\VLV
7UDQVLHQWRSHUDWLRQHIIHFWV
7KH RSHUDWLRQDO F\FOH RI &$7 %+' GLHVHO HQJLQH FRQVLVWV PRVWO\ RI WUDQVLHQW RSHUDWLRQV WKDW FDXVHV
VLJQLILFDQWHIIHFWVRQIXHOHFRQRP\DQGSRWHQWLDOO\JUHDWHUHPLVVLRQVRISROOXWDQWV,WLVWKHUHIRUORJLFDOWRVHHNIRU
ZD\VRIHYDOXDWLQJDQGFRQWUROOLQJWKHHIIHFWVRIWUDQVLHQWRSHUDWLRQVHVSHFLDOO\WKLVLVWUXHWRDFFHOHUDWLRQ7RDFKLHYH
WKLVJRDODQHHGWRTXDQWLI\WKHHIIHFWVRIWUDQVLHQWRSHUDWLRQVDQGILQGIDFWRUVWKDWGHWHUPLQHWKHOHYHORILQVWDELOLW\
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GXULQJ WUDQVLHQW PRGHV )RU WKDW UHVHDUFK LV EHLQJ GRQH E\ WKH DXWKRUV WR GHWHUPLQH SDUDPHWHU IOXFWXDWLRQ LQ
FRPSDULVRQWRVWHDG\VWDWHRSHUDWLRQGXULQJWKHDFFHOHUDWLRQDQGGHFHOHUDWLRQLQYDULRXVVSHHGDQGDPSOLWXGH
&RQFOXVLRQV
5HVHDUFKVXEMHFW&$7%+'GLHVHOHQJLQHRSHUDWHVDOPRVWFRQVWDQWO\LQWUDQVLHQWRSHUDWLRQVWKDWFRQVLVWV
RIDFFHOHUDWLRQZKHUHIXHOLQJLVLQFUHDVHGE\WKHJRYHUQRUWRLQFUHDVHHQJLQHVSHHGDQGSRZHUDQGGHFHOHUDWLRQ
ZKHUHIXHOSRUWLRQLVJUDGXDOO\GHFUHDVHGDQGHQJLQHSRZHUDQGVSHHGGHFUHDVHV
7KHWUDQVLHQWRSHUDWLRQDQDO\VLVLVSHUIRUPHGIRUDFFHOHUDWLRQDQGGHFHOHUDWLRQRSHUDWLRQV$FFHOHUDWLRQVKRZHG
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